Abetrad It is important in hydrocartran exploration to interpret accurately the thermal maturation stage of sedimentary rocks. A compilation and correlation chart shows the relations of tfie most commonly used organic and mineral thermal Indicators with respect to the degree of maturation. The chart and \he discussion of the limitations of each technique are based on the results published by other workers and on the writers' ot>servatk>ns.
different countries. The A.S.T.M. coalification scale (U.S.A. D-388-66) is used for our chart. Parameters used for the coalification scale also served to establish our hydrocarbon generation scale. The relations of coal rank, hydrocarbon generation, standard parameters, and reflectance of vitrinite herein are based on generally accepted conclusions concerning important economic petroleum occurrences, as reported by Stach et al (1975, p. 326-331) . Certain discrepancies in the values of parameters given by the different authors for coal rank and hydrocarbon generation stages can be attributed to differences in kerogen types and source rock facies (Stach et al, 1975) .
The wet (early mature condensate) gas substage is not often mentioned in the literature but has been noted by Gunther (1976) , Powell et al (1977) , and Connan (personal commun., August 1977) . In our study of the Labrador offshore (Karlsefni H-13), the presence of such an early wet gas substage has also been detected by studying gases in sealed tin cans particularly by the iso-butane to normal butane ratio (discussed later).
Premetamoiplik Zones
The terms diagenesis, catagenesis, and anchimetamorphism are indicated in the chart only for reference and we will not elaborate on them because of the semantic problem they create. E>oz-ens of terms are used to classify the thermal maturation of organic matter and clay minerals (Philippi, 1965; Landes, 1966 Landes, , 1967 Baker and Claypool, 1970; Kaplan, 1971; Burgess, 1974; Tissot et al, 1974; Hood et al, 1975; Foscolos et al, 1976) , and others are appUed to more general major changes or processes (Bailey et al, 1971; Bostick, 1971; Hunt, 1973; Leythaeuser, 1973) .
Temperatare and Time Relation Most authors (Karweil, 1956; Philippi, 1965 Louis and Tissot, 1967; Vassoyevich et al, 1970; Bostick, 1973 Bostick, , 1974 Castano and Sparks, 1974 Connan, 1974; Waples and Connan, 1976; Deroo et al, 1977) have stated that the temperature and the durations of exposure to various heat intensities are the most important factors controlling thermal maturation of organic matter. Temperature is not the correct term. In reality, heat or thermal energy, as indicated by measured subsurface temperatures, are more appropriate.
If the maximum temperature reached by Cenozoic sediments can be determined by numerous thermometric measurements, it is hazardous to extrapolate it to Mesozoic and Paleozoic sedimentary rocks, or to any rock sequence that had been involved in an orogenic event. To do so, the main orogenic and tectonic events must be reconstructed. Generally, the authors cited, in their examples, indicated only the original or actual depths but very rarely discussed the assumed T°C reached within Mesozoic or Paleozoic rocks. However, a few authors have suggested temperatures for the liquid hydrocarbon window in Paleozoic sequences. Pusey (1973) , on the basis of the work of several authors, listed a temperature range of 65 to 150°C (150 to 300°F). Hood et al (1975) indicated a temperature of 105°C (220"'F) for Paleozoic rocks of western Texas. In a recent study, Deroo et al (1977) showed that 88% of initial oil reserves in Alberta have a degree of organic metamorphism comparable with a coal raiik of 0.5 to 0.9% Ro. The corresponding paleotemperatures range from 68 to 116°C. No oil was found above 1.3% Ro, or above 143°C.
In our chart, the indicated temperatures of ~65*'C and of ± 120 to BS'C, for Paleozoic sequences (230 to 570 m.y.) come from Karweil (1956) , Castano and Sparks (1974) , and Connan (1974) . They applied a modified Arrhenius equation (see Appendix-Glossary) to 12 different oil fields and deduced time and temperature values in agreement with the maximum rate of generation of liquid hydrocarbons. However, these values are only a guide for Paleozoic rocks.
MAJOR THERMAL MATURATION INDICATORS
The following indicators are the most easily obtainable or workable. Maturation indicators obtained from flame photometry detectors (F.P.D.), source rock analyzers with flame ionization detectors (F.I.D.), electron spin resonance (E.S.R.), infrared spectroscopy and others are not included in Figure 1 . This appUes also for pyrochromatography, oxidation, ash content, coking power, and otiier properties such as elasticity, grindabihty, hardness, and plasticity, which require large samples of coal for their determinations and are seldom used for hydrocarbon exploration. Finally, "diagenetic" incUcators such as K2O percentage in mixed-layer minerals, molar ratio (Si02 + Fe203 + MgO/Al203), cation exchange capacity (C.E.C.), percentage of 2M polymorphs, and sharpness ratio are not shown in the chart. However, good documentation is available for these techniques (Van Krevelen, 1961; Barrabe and Feys, 1965; Espitali6 et al, 1973; Foscolos and Kodama, 1974; Durand et al, 1976; Marchand, 1976) .
StawUnI (STD.) Parameters
As previously mentioned, because of the small quantity of dispersed organic matter generally available, many analytic parameters are difficult Petrology (1963, Figs. 3-5) , and from Stach et al (1975, p. 34) . Vitrinite reflectance and elemental analysis currently being used in petroleum exploration usually serve as the basic scales for establishing equivalence between coal ranks and hydrocarbon generation stages. Although they could be grouped under the "Std. Parameters" headline in the chart, they are, like other indicators, arbitrarily categorized to outline the type of organic materials (soluble or not) or the analytic methods used (physical: optical, combustion, etc; chemical: chromatography, extract, etc).
Optical (OPT.) Panuneten From these parameters, three scales are established: vitrinite reflectance in oil immersion (Ro), sporinite microspectrofluorescence (Fluo.) and spores and pollen coloration (color) scales. The vitrinite reflectance in air (Ra) sc^le is shown on the chart for comparison with results obtained before 1970 and is correlated with that of Ro according to Vassoyevich et al (1970) . It will not be discussed further.
Ro percentage-Most scientists, working to estabUsh a hydrocarbon maturation scale, use this parameter as a correlation base. The Ro scale in our chart is logarithmic to emphasize the most interesting range (0.35 to 2.50%). The values for that scale are from Kotter's curves , in International Conmiittee for Coal Petrology, 1971 and from data reported in Stach et al (1975, p. 326-331) .
This technique has the following limitations: (a) lack of references on macerals other than vitrinite; (b) absence of vitrinite in pre-Carboniferous series; (c) low reliability of the vitrinite reflectance technique for values less than 0.3% Ro; (d) identification of vitrinite from other macerals having intermediate characteristics (morphology and reflectance) between vitrinite and inertinite; (e) reworked organic matter that affects reflectance (% Ro) histograms; (f) influence of lithology on reflectance values (at the same maturation stage, reflectance of vitrinite increases from sandstone to siltstone to shale to coal); (g) the reflectance (% Ro) increases with the thickness of coal beds; (h) oxidation reduces vitrinite reflectance, but has a smaller effect than the preceding factors.
Limitations d to h were discussed by Kubler et al (1979) .
Some authors (Robert, 1973; Sikander and Pittion, 1976, 1978) tried to establish a Ro scale on asphaltic pyrobitumen. They assumed that the evolution of the reflectance values from pyrobitumen and from vitrinite was the same with increasing temperature and time, although the values from pyrobitumen show a greater scatter than those from vitrinite of equal rank. We consider these results as preliminary because they do not show the influence of each asphaltic pyrobitumen type (elaterite, wurtzilite, albertite, impsomite, and anthraxolite) or "asphaltic pyrobitumen-like" fragments (acritarchs, chitinozoans, etc) on the parameter Ro behavior (research in progress at INRS).
In low-maturity sequences, where vitrinite reflectance values are less than 0.3% Ro, fluorescence and coloration measurements are better indicators of thermal alteration.
Fluorescence (Fluo.)-The fluorescence curves shown on the chart are from Van Gijzel (1973) and Ottenjann et al (1974) . The sj>ectral maximum numerical values are in nanometer units of wave length (1 nm = 1 m/x = 10 A).
Fluorescence and reflectance are complementary: fluorescence intensity and reflectance are inversely proportional (Jacob, 1963 , in International Committee for Coal Petrology, 1975 . The fluorescence intensity is one of the most useful parameters when vitrinite reflectance values are low (less than 0.3% Ro) and less reUable. However, it cannot be used in the supramature zone (below 25% volatile matter), for sporinite is not fluorescent at this maturation stage.
The fluorescence intensity depends on both the type of organic matter and palynomorph species. The discrepancy between curves a and b shown on the chart is probably the result of measurements done on different species of angiosperm pollen grains and microspores. Another but less significant source of variation may be the use of different methods in calculating A max. For these reasons spectrofluorometry values must be carefully standardized to obtain valuable diagnosis.
Finally, quoting from the International Committee for Coal Petrology (1975, p. 2) : "The fluorescence of organic materials in particular can change as a result of the illumination; this effect is called 'fading effect' ... or 'alteration' . . . Changes of both the spectrum and the intensity are observed. The possibility of such changes should be kept in mind in all studies of fluorescence." For this reason, the determination of all characteristics of the entire spectrum is recommended (Van Gijzel, 1973) .
Color-The coloration of spores and pollens has been described in several pubUcations and several types of scales have been proposed, as pointed out by Hood et al (1975, p. 988) : (1) the "yellow through brown to black color scale" of Gutjahr (1966) ; (2) the "thermal alteration index" of Staplin (1969) , based on microscopic observations of both color and structural alteration of organic debris; (3) the "state of preservation" of palynomorphs reported by Correia (1967) .
The divisions shown on the chart for that parameter are from Gutjahr (1966) and Correia (1967) . The numerical values from Correia (1967) , scale C on the chart, are ordinal divisions of a qualitative evaluation of the light adsorption. Those from Gutjahr (1966) are given in 10-' pA on psilate trilete spores.
Organic Geochemistry Parameters of Kerogen

H/C, T.G.A., F.C./T.O.C-The atomic ratio
(H/C), elemental analysis, the percent weight loss or thermogravimetric analysis (T.G.A. at 5(X)°C), and the carbon ratio (Cr/Ct = F.C./T.O.C.) on kerogen are global techniques as are proximate analysis, electron spin resonance (ESR), and infrared spectroscopy. For a better understanding of the behavior of the H/C ratio by combustion and F.C./T.O.C. by pyrolysis with increasing temperature, the carbon in the H/C parameter, which is equal to T.O.C. on kerogen, must be considered as the summation of F.C. plus volatile carbon. Thus, these parameters indicate the quantity of volatile matter (cf. fixed carbon) remaining in the organic material. This loss in volatile components from organic matter is confirmed by the decrease in the H/C ratio, the percent weight loss (T.G.A.), and the increase in carbon ratio (F. C/T.O.C).
However, the mentioned parameters depend also on the type of dispersed organic matter. Indeed, organic matter derived from invertebrates, plankton, spores, pollen, and microscopic algae originally contains fewer aromatic components than lignin from continental plant material (Jonathan et al, 1976; Tissot, 1976; Van Dorsselaer and Albrecht, 1976; Welte, 1976) . Moreover, sporinites show greater overall yields of total alkanes and straight chain alkanes than do the corresponding vitrinites at all ranks (Allan and Douglas, 1977) . Hence, kerogen types I and II will give Cr/Ct ratios lower than 0.4 to 0.5 for freshly sedimented organic matter, indicating low aromaticity (high T.G.A. and H/C values). For freshly sedimented kerogen type III, the Cr/Ct ratios are in the range of 0.6 to 0.7 with low T.G.A. and H/C values. Usually, varied proportions of all these types of dispersed organic matter are found.
For these reasons a single scale cannot be established for these parameters. Thus, in the chart, we have indicated for each scale the kerogen type for which the curve is vaUd. Moreover, considering that this chart is mainly for petroleum geologists, the 0/C atomic ratio has been omitted because it undergoes minor changes with increasing temperature for kerogen types I and II in the mature zone.
The foregoing parameters cannot be used alone because they are dependent upon temperature and type of organic matter. When enough organic extract is available, the Cr/Ct ratio can give indications of both the predominant type of dispersed organic matter and its maturation. Therefore, this ratio must be measured on both the asphaltene and kerogen fractions in the same sample (Connan, 1972 , in Jonathan et al, 1976 ). Finally, according to Hunt (1978, p. 302 ): "By plotting the H/C ratio, which indicates differences in maturation, versus the (N-l-S)/0 ratio, which shows differences in organic starting material, it is possible to distinguish most bitumens from coals."
Organic Geochemistry Parameters of Bitumen
Each of the following parameters was discussed in great detail by Le Tran et al (1973) .
O.E./T.O.C.-This ratio, expressed in percent of the organic extract (O.E.) over the total organic carbon (T.O.C), allows the evaluation of a rock "yield." This "yield" is very weak for immature organic matter. It starts increasing at the intense thermal cracking level (birth zone of oil) and then decreases when the organic matter gasification stage is reached (condensate gas or ~ 1.0% Ro) with a maximum yield between 0.8 to 1.0% Ro.
This ratio is also a function of the quantity and type of organic detritus and the alteration or migration effects of the accumulated extracts. Consequently, for type II kerogen, the numerical values shown in the chart are only an indication of a good source rock. Thus, for a mixture of type II (sporinite) and type III (vitrinite) organic matter, the maximum yield of n-alkanes might be at 1% Ro (Allan and Douglas, 1977) . So, for the diagnosis of the "oil window" the general trend of the curves is more significant than the numerical values.
A./S. and A.+ S./O.E.-The extract composition is generally expressed in percent of hydrocarbons (H.C.), resins (res.) and asphaltene (asp.). The hydrocarbons are subdivided into aromatic (A.) and saturated (S.) components. From these percentages, the ratio A./S. and the hydrocarbons "yield" A. + S./O.E. are calculated.
In general, for a sedimentary sequence where the organic matter is homogeneous, the A./S. ratio tends to decrease wi£ increasing thermal cracking. However, in certain cases, the decrease is hardly detectable because an inverse behavior may occur, as in biologic alterations of liquid hydrocarbons associated with incoming meteoric waters (Connan et al, 1975) . Unfortimately, homogeneous organic detritus in sediment^ sequences is not common. So, the nature of extracts is also dependent on the type organic detritus, the environment of deposition, the level of microbial activity (Connan et al, 1975) , and the subsequent geologic history (Allan and Douglas, 1977) .
Conversely, the A. + S./O.E. and especially the S./O.E. ratio tend to increase with thermal maturation, particularly at thermal maturation stages compatible with the presence of liquid hydrocarbons.
These two parameters, being only a more detailed expression of the O.E./T.O.C. ratio, have the same limitations. However, the loss of hydrocarbons during migration does not affect the A./S. and A.-I-S./O.E. ratios of remaining "in situ" hydrocarbons, although the migrated product shows some variations in these ratios. With some exceptions, the numerical values for these two parameters are more significant than those of the O.E./T.O.C. ratio in evaluating the maturation degree reached by the sequence. Thus, for a sequence where the organic fraction is sapropelic, a hydrocarbon yield (A.-I-S./O.E.) greater than 25% strongly suggests that the "oil window" has been reached.
C.P.I.-The carbon preference index (C.P.I.) is one of the parameters relevant to gas chromatographic (GC) analysis of total alkanes, and gives iht nature of the n-alkanes extracted from a given rock sample. The n-alkanes distribution has been found to change with thermal maturation of a sedimentary basin and hence has long been used as a clue to crude oil source beds (Bray and Evans, 1961, in Allan and Douglas, 1977) .
According to Bray and Evans (1961) , C.P.I, values (scale b on the chart) range from 2.5 to 5.3 for recent muds, from 0.98 to 2.3 for sedimentary rocks, and from 0.92 to 1.13 for crude oil. Thus, values greater than 1.13 indicate immature sequences, from 0.92 to 1.13 mature zones, and less than 0.92 supramature zones. However, scale a from Allan and Douglas (1977, Fig. 4) shows the mature zone between 1 and 1.35. This last scale was derived from C.P.I, determinations on vitrinite and sporinite (kerogen types II and III) for subbituminous to high-volatile bituminous b coal stages (0.4 < Ro% < 1.20).
The C.P.I, scale from Bray and Evans (b on the chart) seems to cover a wider range of coalification stages and results of measurements on sapropeUc (kerogen type I or II or a mixture of both types) organic matter and also on organic matter from recent sediments including freshwater and saline-lake sediments and soils.
Scales a and b on the chart show decreasing C.P.I, with increasing thermal maturation. However, there are discrepancies between them. The different C.P.I, values at same coalification stages between scales a and b on the chart might be explained by variability both in the source of organic matter and in lithologies, as reported by Allan and Douglas (1977) . Differences in slopes of curves are explained by Allan and Douglas (1977, p. 1228 ) by the following process: "fragmentation of the already soluble longer chain compounds to shorter chain constituents occurred at a greater rate than the rate of release of new longer chain structures from the parent material."
Organic Geochemistry Parameters of Gas Mechanically extractable (adsorbed) gases and chemically extractable (sorbed: occluded) gases are discussed herein. Experimental methods are described for the former in Snowdon and McCrossan (1973, p. 3, 4) and for the latter in Le Tran (1971, p. 324) .
H2S/T.O.C.-^The hydrogen sulfide parameter shown on the chart is restricted to sorbed and adsorbed occurrences of H2S in sediments or sedimentary rocks; free or dissolved H2S is excluded.
The yield of H2S from organic matter increases with thermal maturation, l^ere are other sources of H2S, for example, bacterial reduction of sulfates and catalytic reaction of sulfate with hydrocarbons (Orr, 1974) . However, for H2S trapped in ancient rocks, when the trapping is not due to bacterial activities, Le Tran (1971) proposed two reasons: (1) the nature of the organic matter (e.g., algae, annelids, coelenterates, and moUusks constitute an original organic matter rich in sulfur; thus, there is a relation between the sediment fades and the sulfur content because the components are more concentrated in confined pelitic and micritic environments, such as swamps or lagoons); (2) the maturation degree of organic matter.
/f.C.G./r.O.C-The total content of mechanically and/or chemically extractable gases permits the calculation of the "yield" in gaseous hydrocarbons (H.C.G). This "yield" (H.C.G./T.O.C.) varies with the degree of thermal maturation and is a way to visualize the evolution from an early dry gas to the oil zone and finally to a late dry gas zone. Moreover, according to Snowdon and Mc-Crossan (1973, p. 2), the epigenetic or syngenetic nature of the H.C.G. can be evaluated by the slope of the regression curve of H.C.G./T.O.C. versus burial depth. If the slope of the regression line is high, migration has occurred; if it is low, the H.C.G. have been retained in their source rocks.
Curve a in the chart is from Le Tran et al (1973) . Data used to establish this curve were obtained from gases in 65 core samples of Upper Triassic dolomites and Lower Cretaceous limestones crushed and dissolved in acid solutions. Curve c in the chart is from our work on the Labrador offshore basin (in progress). Data compiled for curve c came from 1,000 measurements of adsorbed gases performed by the analytic method described by Snowdon and McCrossan (1973) . The cuttings are mainly fine-grained, terrigenous lower Paleocene through Holocene rocks, and the sampling is fairly dense (30 to 60 ft or 9 to 18 m intervals).
The numerical values of curve a range from zero to 200 mL of H.C.G. per gram of rock. On curve c, this ratio, the percent of gas over the percent of carbon ranges from 0.01 to 0.25.
So far, no comparison can be made between scales a and c in the chart. They need to be extended up and down within the hydrocarbon generation stages using the same analytic method, on the same lithologic sequences.
Ci/H.C.G.-The generation of methane either biochemically during early diagenesis or physicochemicaUy (by thermal cracking) during late catagenesis, is a well-known phenomenon.
The curve shown on the chart is from Snowdon and McCrossan (1973) and from our study of seven boreholes of the Labrador offshore. For thermal maturation interpretations, this scale should be used together with curve c of H.C.G./T.O.C, curve b of C2/C3 +, and the i -C4/n -C4 curve.
G/CjH-The presence of the ethane-butane series in the commonly called "early" and "late" condensate stages is very controversial. The low sensitivity of the analytic technique (Weber and Maximov, 1976, p. 288) , together with our poor knowledge of the relation of condensate or wet gas constituents to the type of organic matter, considerably reduces the reliabihty of interpretations concerning gas evolution and especially the isomers (i-Q/n -Q). Curve b of C2/C3-f-column on the chart should be used with caution because the content of adsorbed light hydrocarbon gases is sensitive to the Uthology of sedimentary rocks (Feug^re and Gerard, 1970, p. 38-39) ; this is corroborated by our Labrador offshore basin study.
Curve a for this scale is modified from Figure 3 of Feug^re and G6rard (1970) and from Figure 15 of Jonathan et al (1976) . Curve b of C2/C3-I-on the chart is from our study of the Labrador offshore. The positions of the C2/C3+ and the i -Q/n -C4 curves with respect to the hydrocarbon generation stage are supported by exhaustive studies of major diermal maturation indicators (work in prep.).
Discrepancies between curves a and b occur only in the upper part of the condensate gas (early wet gas) zone. These curves coincide in the early wet gas zone and the uppermost part of the oil window. Unfortunately, we have no data from the lower part of the condensate and late dry gas zones, and it would be hazardous to vaakt a downward extension of curve b with curve a for C2/C3+ in the chart.
i-C4/n -C4-^The only publication that we have seen concerning these light hydrocarbon isomers is by Sav5enko et al (1971) , who mention the work of several authors. SavSenJco et al (1971) concluded that this ratio is dependent on the oilgas contact in time and space. The ratio is <0.8 if gas is dissolved in oil, extracted from oil, or is or was in contact with oil. The ratio is >0.9 if gas was never in contact with oil. Sav£enko et al (1971) also stated that the ratio is independent of stratigraphic level, burial depth, and temperature.
In our Labrador offshore study, with a very dense sampling (30 to 60 ft or 9 to 18 m interval), the isomer concentration ratio log (i-C4/n-C4) shows the following variations: Ae beginning of the early wet gas zone (Ro = 0.35%) is characterized by relatively high values (> 1.0) of the ratio, which thereafter decreases to a relatively constant value (0.7 to 0.8) down to the beginning of the oil window. There, the i-C4/n-C4 ratio is not affected by T.O.C. variations.
In potential source rocks from offshore Labrador, we observed that the i -C4/n-C4 ratio reaches values of 0.8 in the upper wet gas zone but higher values for the ratio were obtained from more immature sedimentary rocks at shallower depths. As both the type and the quantity of organic matter are favorable for oil generation and migration effects are not significant, the question arises: for sequences above the oil window, are i -C4/n -C4 ratio values greater than 0.9 owing to the absence of oil or to insufficient maturation to generate the oil?
Although the basic principle ruUng the butane isomer and its thermal maturation relation is still relatively unknown, our work on the Labrador offshore shows that there is a relation between the isomer concentration ratio curve shape and thermal maturation.
Mineralogic Parameters
The temperature and the chemical properties, in the diagenetic environments, control mineral evolution during early and late diagenesis. On the chart (first draft by Kubler, 1976, unpublished, copyright INRS) , the mineralogic variations with depth and the index minerals are shown for three types of Uthofacies: (a) normal shaly mudstones, (b) fine-grained volcanic detritus, (c) sodium-rich dark shales.
Data from carbonates and sandstones were not included. In these later facies, the significance of index minerals might not be the same as in pelitic sequences.
Normal shaly mudstones are the best documented Uthofacies. The diagenetic indicators shown on the chart are the mineral assemblages, the position of the (001) reflection of smectite, the percent of illite layers in the mixed-layer illite -2:1 expandable (smectite of low or high charges), and the illite crystallinity index.
Clay mineralogy-The evolution of smectite toward well-crystallized mica and chlorite and the behavior of kaolinite and dickite, as illustrated on the chart, come from our own observations and from the work of such authors as Weaver (1960) , Kubler (1964 Kubler ( , 1975 , Powers (1967) , Burst (1969) , Dunoyer de Segonzac (1969) , Perry and Hower (1970, 1972) , Weaver et al (1971) , Johns and Shimoyama (1972) , Foscolos and Kodama (1974) , and Foscolos et al (1976) . The development and transformation of chloritic minerals are less documented and the correlation of this series with other mineralogic and organic parameters is not very reliable at present. Therefore, data pertaining to these minerals are not on the chart.
D (001) of smectite-In the Cenozoic and Mesozoic sedimentary rocks from the Labrador and Nova Scotia Shelves, we observed that the (001) reflection at 14.5 A of smectite moved to 12.5 A to 13 A within the first diagenetic stages. Foscolos (1977, personal commun.) also reported the same observation. This peak displacement corresponds to the first loss of interlayer water in smectites and is correlated with the beginning of stage II as defined by Perry and Hower (1972) .
Percent illite in illite -2:1 expandable-There are two methods for calculating the percent of expandable layers in interstratified minerals: the MacEwan et al (1961) method and the Reynolds and Hower (1970) method. The second one should give better results, but each has its advantages.
The iUitic to expandable layers ratio was correlated with temperature by Burst (1969) and Foscolos and Kodama (1974) . In the chart, this parameter was correlated with other thermal indicators on the basis of temperatures. We also took into account the work of Powers (1967) , Perry and Hower (1970, 1972) , Johns and Shomoyama (1972) , and Foscolos et al (1976) . On the chart, the upper inflection point of the "% illite in illite -2:1 expandables" curve corresponds to the beginning of Perry and Hower's (1972) stage II and the lower inflection point to stage III of the same authors.
Illite crystallinity index-^The term illite crystallinity index, as used herein, is the width at half hei^t of the peak located around 10 A on a diffractogram. As stated by Kubler (1968) , the index values are comparable between laboratories only if instruments are calibrated with the same standards.
As already mentioned, the temperature and the chemical conditions (Kiibler, 1968) , of the burial environment, control the evolution of this mineral. Moreover, in this situation, a great difficulty arises in data interpretation because of the possible inherited characteristics of illite. Thus, these characteristics must be differentiated from the ones acquired after burial. Mineralogic studies on several granulometric fractions « 0.2 ju, 0.2-2.0 /i and 2-20 /t) must be performed routinely as a first step in solving the inherited or acquired characteristic problem. It is also important to consider the vertical trends based on systematic dense sampling on a sufficiently thick sequence (thousands of feet), and not only the numerical values as such.
On the chart, the I.A.G. ("indice d'aigiie glycol^," Kubler, 1968) curve represents index values obtained from glycolated fractions smaller than 2/jt, whereas the I.A.N, ("indice d'aigiie naturel") is for unglycolated ones. The I.A.N. values may represent the total width of overlapping peaks. The I.A.G. curve deviation toward higher index (lower crystallinity) results from the appearance of disordered illite, which has wider diffraction peaks and does not swell with glycol.
The curves derived from coarser fractions treated with glycol (> Ifi; not on the chart) show few variations and are used to confirm changes that occurred in incoming material at the time of sedimentation.
For fine-grained volcanic detritus, the index minerals shown in the chart are zeolites such as sodium (Na) and calcium (Ca) clinoptilolite, analcite, and laumontite together with other minerals such as pumpellyite, prehnite, smectite, and corrensite. In this facies, smectite evolves diagenetically to corrensite and then toward chlorite. The minerals Usted also may be present in evaporitic sequences, limestones, or low-pressure hydrothermal deposits. However, their diagenetic signifi-cance may not be the same as in the fine-grained volcanic detritus shown in the chart. The zonation shown is mainly from the work of Kubler et al (1974) and Kubler (1975) .
In the sodium (Na) dark shale fades, where the sodium and organic matter concentrations are both higher than in "normal shale," the main indicators are kaolinite, allevardite (rectorite), pyrophyllite, phengite, and paragonite. The data used here are from Dunoyer de Segonzac (1969) and Kubler (1975) .
CONCLUSIONS
To use the accompanying charts presented here it should be kept in mind Siat, for most parameters, the curve shape is more significant than the numerical values. Moreover, at present, no known thermal parameter is self-sufficient in hydrocarbon exploration.
The confidence level of some parameters needs to be improved both in terms of analytic precision and relations between the measured values and hydrocarbon generation stages.
Other parameters such as those mentioned in the introduction could eventually be added to the chart to improve its usefulness and reliability. Geomonomers: low molecular weight hydrocarbons and organic compounds that are formed by a thermal-alteration-dependent process involving cracking of large molecules to form small compounds; they occur mainly in the 50°C (1,000 m) to I75°C (6,000 m) temperature interval. Geopofymers: derived from condensation of biomonomers in the first meter of sediment to form organic matter complexes (Hunt, 1973) . 
APPENDIX-GLOSSARY
